Small ciliate protozoa of the genus Uronema were separated from labeled bacteria by means of a discontinuous sucrose gradient. More than 98% of the radioactivity associated with the bacteria was found in the upper portion of the gradient, whereas the remaining portion of the gradient contained the ciliates.
Small ciliate protozoa are predominant in marshes and estuaries, where high levels of nutrients and bacteria occur. The trophodynamics of such bactivorous ciliates have been studied by only a few workers (8, 12) . The feeding of larger freshwater forms has been more thoroughly examined (1, 7, 11, 14, 15, 17) .
Protozoa are plentiful in activated-sludge systems (6) and are responsible for the quality of the sewage effluent. They graze on coliform bacteria associated with the effluent and are capable of removing a high percentage of these bacteria. Johannes (13) found that marine ciliates feeding on bacteria are important agents in regeneration of nutrients. Ciliates that graze on marsh bacteria may, therefore, influence the ecology of a marsh system. To determine their significance in an estuarine food web, we examined selected aspects of ciliate feeding activities. To study feeding rates and uptake of radioactively labeled cellular constituents of bacteria by small protozoa, it was necessary to collect the protozoa at the termination of specific time intervals of grazing on the radioactively labeled bacteria.
A species of Uronema was isolated from the Rhode River subestuary of Chesapeake Bay and cultured on bacterized wheat grain infusion. The ciliates were washed several times with sterile Rhode River water prior to mixing with labeled bacteria. Scanning electron microscopy provided evidence that the surfaces of the washed ciliates were free of associated bacteria derived from the culture medium (5, 15a) . After the ciliates had been allowed to feed on the radioactively labeled bacteria, they were separated, by the separation technique described here, from the food source and assayed for radioactivity. The labeled food source, a Bacillus species, was isolated from the same site in the Rhode River during an earlier study (3) . Because of their size, i.e., approximately 15 to 20 A.m in length, ciliates such as Uronema and Cyclidium are difficult to separate from bacteria serving as their food source. Methods of separation used for studies of larger protozoa were not successful when applied to our ciliatebacteria system, namely, collection by filtration (13), micromanipulation of single protozoa (2) , and differential centrifugation (without a gradient) of protozoa-bacteria mixtures (4, 10, 15) . In the case of centrifugation in the absence of a gradient, the ciliates, remaining very motile even after centrifugation, moved up into the supernatant immediately upon cessation of the centrifuging process.
To achieve separation, we used discontinuous sucrose gradient centrifugation. Preparation of the gradient was similar to that used for minicell separation from Escherichia coli cultures (9) . A mixture of 1.2 ml each of 0.6, 0.4, and 0.3 g of sucrose per ml in 0.22 ,m of filtered Rhode River water (the source from which the ciliate and bacterial species used in this study were isolated) was prepared. Sucrose in a buffer (0.005 M NaH2PO4, 0.005 M Na2HPO4, 0.5 M NaCl, pH 7) worked equally well. Samples of a mixture of ciliates and labeled bacteria were layered on the gradient, and the bacteria-gradient mixture was centrifuged, using the SW-50.1 rotor of a Beckman L3-50 ultracentrifuge, for 5 min at 2,340 x g at 25 C. A visible band of bacteria appeared in the upper portion of the sucrose layer. Ten-drop fractions from the gradient were counted in a liquid scintillation counter to locate the layer containing the radioactivity.
Results given in Fig. 1 show that the bacteria were distributed in the upper portion of the gradient. However, the ciliates pelleted, so that fractionation from the bottom did not permit successful recovery of the ciliates. From another bacteria-ciliate mixture, four fractions 
FIG. 1.
The arrow indicates the fraction number below which all ciliates were recovered. More than 98% ofthe radioactivity, i.e., the labeled bacteria, was located above the indicated fraction. were collected, via aspiration from the top of the tube downward. Radioactivity in each of the four fractions was determined, and the fractions were also examined microscopically for ciliates. The protozoa were found only in the bottom fraction, whereas the bacteria were found in the upper portion of the gradient (Table 1). When ciliates without labeled bacteria were centrifuged, six fractions were collected, starting at the top of the tube. The ciliates, which were found in the bottom, were recoverable by means of a pipette. Although the ciliates were not motile, they were intact and undistorted.
From the data we can conclude that to separate small ciliates from a mixture of bacteria and ciliates it is necessary to centrifuge a sample of the mixture in the described gradient, draw off layers down to half the bottom layer, and collect the remainder of the gradient with a pipette, after slight agitation of the remaining sucrose. More than 98% of the bacteria can be removed by this method (Fig. 1) .
The method described is simple and reliable, provided the bacteria do not clump and, therefore, band further down the gradient. In one case, when a different strain of Bacillus was used, 75% ofthe counts per minute was found in the lower portion of the gradient. This bacterial strain formed very sticky colonies and the colonies were difficult to pick from the agar. The cells appear to have clumped in suspension and sedimented more readily than the other bacterial strains tested. It is suggested that bacteria to be used in such experiments be tested for clumping prior to use in feeding experiments in which they will be mixed with protozoa. The described method of separation is useful for any experiments in which small protozoa and bacteria are mixed and the protozoa are subsequently collected for examination. The method, or a modification of it, is also applicable to other bacteria-eukaryote systems, such as bacteriaalga or bacteria-flagellate mixtures. With the increased interest in food chain studies involving bacteria as the lowest trophic level, the technique described in this paper should prove valuable for aquatic ecologists.
